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[57] ABSTRACT 

A linear actuator for selectively moving a carriage 
relative to a support frame along a predefined linear 
path. The linear actuator includes a drive shaft having a 
cylindrical surface fabricated of a first material, means 
for rotatably mounting the drive shaft to the frame for 
rotation of the drive shaft about the axis of the cylindri- 
cal surface, means coupled to the drive shaft for rotat- 
ing the drive shaft about such axis, a carriage to be 
driven, a roller having a peripheral surface fabricated of 
a second material which is less hard than the first mate- 
rial, means for mounting the roller to the carriage with 
the roller being rotatable about a first axis, means for 
mounting the carriage to the support frame with the 
carriage being movable relative to the support frame 
along the predefined linear path and with the peripheral 
surface of the roller being in frictional engagement with 
the cylindrical surface of the drive shaft whereby the 
roller is caused to rotate about its first axis by rotation of 
the drive shaft when the first axis is parallel to the axis 
of the drive shaft and is additionally caused to move 
along the predefined linear path during rotation of the 
drive shaft when the first axis is oblique to the axis of the 
drive shaft, and means for controllably pivoting the 
roller about its second axis to control movement of the 
roller and thus the carriage along the predefined linear 
path. 

2 Claims, 10 Drawing Figures 





U.S. Patent Oct. 4, 1977 


Sheet 1 of 9 


4,051,735 



FIG. 1 


00 ! 


U.S. Patent Oct. 4, 1977 


Sheet 2 of 9 


4,051,735 



!4a !4b 


U.S. Patent Oct. 4, 1977 


Sheet 3 of 9 


4,051,735 



FIG. 4 






154 


U.S. Patent Oct. 4, 1977 


Sheet 6 of 9 


4,051,735 









POWER SUPPLY + v 


U.S. Patent Oct. 4, 1977 


Sheet 8 of 9 


4,051,735 



FIG. 9 


















1 


4 , 051 , 


LINEAR ACTUATOR 
BACKGROUND OF THE INVENTION 

This invention relates to linear actuators and, more 5 
particularly, to an improved linear actuator of the type 
disclosed in copending U.S. application Ser. No. 
579,432 filed May 21, 1975 by Messrs. Halfhill and 
Brunner as a divisional of copending U.S. application 
Ser. No. 486,408 filed on July 8, 1974 now U.S. Pat. No. 10 
3,922,718. 

The unique linear actuator disclosed in copending 
applications Ser. Nos. 486,408 and 579,432 makes use of 
the principle that a roller frictionally engaged with the 
cylindrical surface of a drive shaft will be rotated about 15 
its axis by rotation of the drive shaft when such axis is 
parallel to the axis of the drive shaft, and will addition- 
ally be moved linearly in a direction parallel to the axis 
of the drive shaft when the roller axis is oblique to the 
axis of the drive shaft. 20 

In general terms, the linear actuator disclosed in the 
aforesaid copending applications Ser. Nos. 486,408 and 
579,432 includes a drive shaft having a cylindrical sur- 
face, means for rotatably mounting the drive shaft to a 
support frame for rotation of the drive shaft about its 25 
axis, means for rotating the drive shaft about its axis, a 
carriage to be driven, a roller having a peripheral sur- 
face, means for mounting the roller to the carriage with 
the roller being rotatable about a first axis and pivotable 
about a second axis perpendicular to the first axis, 30 
means for mounting the carriage to the support frame 
with the carriage being movable relative to the support 
frame along the predefined linear path and with the 
roller being in frictional engagement with the cylindri- 
cal surface of the drive shaft whereby the roller is 35 
caused to rotate about its first axis by rotation of the 
drive shaft when the first axis is parallel to the axis of 
the drive shaft and is additionally caused to move along 
the predefined linear path during rotation of the drive 
shaft when the first axis is oblique to the axis of the drive 40 
shaft, and means for controllably pivoting the roller 
about its second axis to control movement of the roller 
and thus the carriage along the predefined linear path. 

As disclosed in the aforesaid copending applications 
Ser. Nos. 486,408 and 579,432, the linear actuator may 45 
be included in and form part of a magnetic disk drive. 
More specifically, disk drives generally include a drive 
spindle for rotating one or more magnetic recording 
disks. A head carriage is associated with each disk and 
may include two electromagnetic heads, one for each 50 
surface of the disk. Since information is recorded on the 
disk in concentric tracks which are spaced very closely 
adjacent one another, it is necessary to provide a linear 
actuator for the head carriage that is capable of moving 
the carriage and thus heads thereon to and from se- 55 
lected tracks on the disk at high speed and with great 
precision. Energization of the linear actuator to cause 
movement of the head-carriage assembly in the appro- 
priate direction and speed is controlled by a suitable 
servo control system. 60 

It is apparent that the precision and speed required in 
positioning the head-carriage assembly of a disk drive 
leaves little room for error. Positioning errors may 
occur if either the peripheral surface of the roller or the 
cylindrical surface of the drive shaft wears non- 65 
uniformly. Non-uniformity of wear in the roller might 
result in vibrations which could adversly effect position 
control. Vibrations may result in special positioning 
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problems when the servo control system is a closed loop 
system, such as the type having a track following capa- 
bility. 

More specifically, data is recorded on concentric 
tracks on the disk surface as the disk is rotated about its 
axis. Due to the fact that the disk is supported and 
driven by mechanical components, it is apparent that 
the tracks of data will not be precisely concentric, but 
will each contain a slight degree of eccentricity or “run- 
out.” If a head were positioned over a track and re- 
mained absolutely fixed as the disk rotated in order to 
recover data on the track, it is clear that the absolute 
concentric following of an otherwise slightly eccentric 
track might cause some errors in data recovery, or at 
least periodic reduction in the amplitude of data read 
from the disk. 

In order to overcome this problem, some servo sys- 
tems have been designed with a “track following” capa- 
bility in order for the heads to be able to follow a track 
precisely notwithstanding the slight eccentricity 
thereof. The frequency of “run-out” or degree of eccen- 
tricity must be within the bandwidth capabilities of the 
servo system in order for the servo to properly control 
the linear actuator in order for the heads to peroperly 
follow each track. Thus, any non-uniform wear of the 
roller that would result in vibrations within the servo 
bandwidth might cause track following errors. 

As alluded to above, non-uniform wear of the cylin- 
drical surface of the drive shaft might also result in 
positioning errors. More particularly, such non-uniform 
wear may result in grooves being formed in the cylin- 
drical surface. In addition to possibly causing unwanted 
vibrations, the grooves would cause a detenting action 
in carriage movement. This detenting action might re- 
sult in the heads being positioned over the wrong track 
altogether. In this respect, positioning errors due to 
detenting are potentially more serious than those result- 
ing from most vibrations experienced in head carriage 
positioning. 

It would be desirable, therefore, to provide a linear 
actuator of the above-described type wherein the wear 
experienced by the roller peripheral surface and the 
cylindrical surface of the drive shaft will be primarily, 
and preferably substantially entirely, borne by the roller 
peripheral surface, and wherein the wear on such pe- 
ripheral surface will be substantially uniform. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the materi- 
als of the roller and drive shaft are selected such that the 
material of the peripheral surface of the roller is less 
hard than that of the cylindrical surface of the drive 
shaft. With this relationship, any wear that occurs due 
to continuous frictional contact between the roller and 
drive shaft will be borne primarily, and preferably sub- 
stantially entirely, by the roller peripheral surface. Ad- 
ditionally, the specific material of the roller peripheral 
surface is selected such that the normal wear thereof 
will be substantially uniform. Accordingly, the possibil- 
ity of positioning errors occuring as a result of grooves 
being formed in the cylindrical surface of the drive shaft 
is substantially reduced, as is the possibility of vibrations 
occuring as a result of an unevenly worn roller periph- 
eral surface of drive shaft cylindrical surface. 

In accordance with one exemplary embodiment of the 
invention, the roller peripheral surface is fabricated of a 
plastic material and the drive shaft cylindrical surface of 
a metallic material. In another exemplary embodiment, 
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the roller peripheral surface material is a hardened, 
corrosion resistant steel, such as stainless or tool steel, 
and the drive shaft cylindrical surface material is tung- 
sten carbide. In yet another exemplary embodiment, the 
roller peripheral surface material is a hardened, corro- 5 
sion resistant steel and the drive shaft cylindrical sur- 
face material is titanium carbide. 

In each of the above exemplary embodiments, a sepa- 
rate lubrication means for lubricating the roller and 
cylindrical surface is unnecessary. It is desirable not to 10 
have a lubricant introduced in the system due to the 
increased maintenance requirements thereof and the 
possibility of contamination from the lubricant interfer- 
ing with the “flying” of the heads. 

These and other aspects and advantages of the present 15 
invention will be more completely described below 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a disk drive embody- 20 
ing the improved linear actuator of the present inven- 
tion; 

FIG. 2 is a top elevation view of the disk drive of 
FIG. 1 with the housing cover removed; 

FIG. 3 is a side elevation of the disk drive of FIG. 2 25 
with certain components of the drive deleted for clarity 
of others; 

FIG. 4 is an end elevation view of the disk drive of 
FIG. 2 with certain components of the drive deleted for 
clarity of others; 30 

FIG. 5 is a magnified and more detailed top elevation 
view, partly broken away, of the linear actuator shown 
in FIG. 2; 

FIG. 6 is a cross-sectional view of the linear actuator 
of FIG. 5 taken along lines 6 — 6 of FIG. 5; 35 

FIG. 7 is a side elevation view, partly broken away, of 
the linear actuator of FIGS. 5 and 6; 

FIG. 8 is a graphical representation of the torque 
required to pivot each follower roller as a function of 
the radius of curvature of its peripheral contacting sur- 40 
face, as well as the stress on the follower roller as a 
function of such radius of curvature; 

FIG. 9 is a schematic diagram of an exemplary coil 
driver circuit for controlling the energization of the coil 
in each of the magnetic assemblies depicted in FIG. 6; 45 
and 

FIG. 10 is a a schematic diagram of a preferred power 
supply for supplying power to the various electronic 
circuits in the disk drive of FIGS. 1-4. 

DESCRIPTION OF THE PREFERRED ° 

EMBODIMENT 

Referring to FIGS. 1 - 4, a disk drive 10 is shown 
including an improved linear actuator 12 (shown in 
FIG. 2 only) for controlling the linear positioning of a 55 
plurality of electromagnetic heads 14 a - 14 h relative to 
a plurality of coaxially stacked magnetic recording 
disks 16a - 16 d. Details of the linear actuator 12 will be 
described in more detail below in connection with 
FIGS. 2 and 5-9. The disk drive 10 also includes an 60 
improved power supply 18 (FIG. 10) for supplying the 
requisite d-c voltages for disk drive operation. Details 
of the power supply will be described in more detail 
below in connection with FIGS. 2-4 and 10. 

Although the improved linear actuator 12 and the 65 
improved power supply 18 are shown as being included 
in and forming part of a specific disk drive 10, it will 
become clear from the description to follow that they 
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could equally well be utilized in other machines and 
devices, including other computer peripheral devices, 
such as output printers, terminals and the like. Thus, the 
description of the linear actuator 12 and power supply 
18 in the context of a disk drive, especially the specific 
disk drive 10, is merely by way of example. 

The disk drive 10 includes a main support frame or 
casting 20 (FIGS. 2 and 3) about which a housing cover 
22 (FIG. 1) is mounted by suitable mounting means (not 
shown). The housing cover 22 includes a front portion 
24 in which a suitable control and display panel 26 may 
be mounted. The portion is hinged by suitable means 
(not shown) about its inward most lower edge so that it 
may be swung open. In this manner, a disk cartridge 28 
including the disk 16a therein may be inserted into the 
disk drive 10 and loaded about a drive spindle 30 for 
rotating the disk 16a about the axis of the spindle 30. 

The drive spindle 30 forms part of a spindle assembly 
32 which includes a housing 34 fixedly mounted by 
suitable mounting means (not shown) to a forward plat- 
form portion 36 of the support frame 20. The housing 34 
extends through an opening 38 in the platform portion 
36 and the spindle 30 has upper and lower portions 40 
and 42 which respectively extend from the upper and 
lower ends of the housing 34. The upper portion 40 of 
the spindle 30 is preferably in the form of a circular disk 
having a permanently magnetized side peripheral sur- 
face 44. The surface 44 is adapted to attract an upper 
hub (not shown) fabricated of an appropriate magneti- 
cally attractable material and mounted in the cartridge 
28 through the central opening of the disk 16a. The 
resultant magnetic field is made strong enough so that 
the resultant force holding the upper hub against the 
upper portion 40 of the spindle 30 is sufficient to pre- 
vent slippage therebetween during normal acceleration 
and deceleration of the disk 16a. 

The lower portion 42 of the spindle 30 is preferably in 
the form of a cylindrical shaft having a lower hub 48 
fixedly connected about its periphery by suitable con- 
necting means (not shown). The hub 48 extends suffi- 
ciently in a radial direction so that the inner-most por- 
tion of the lower surface of the disk 16c? is supported 
thereby (see FIG. 3). The disk 16 d constitutes the low- 
est disk in a stacked array of three coaxially aligned 
disks 16 b - 16 d which are permanently mounted in the 
disk drive 10. This is to be distinguished from the disk 
16a which is included in the cartridge 28 which is re- 
movable from the disk drive. The specific manner in 
which the cartridge 28 may be inserted and removed 
from the disk drive 10 does not form part of the present 
invention and so will not be described in detail herein. It 
should be noted, however, that any suitable well known 
cartridge loading apparatus may be employed. It should 
be further noted that any one or more of the disks 16a - 
16c? may be deleted from the drive 10, if desired. 

Referring specifically to FIG. 3, the non-removable 
disks 1 6b - 16c? are permanently mounted within the 
disk drive 10 for simultaneous coaxial rotation upon 
rotation of spindle 30. This is accomplished by means of 
a clamping ring 50 and two annular spacers 52 and 54. 
Specifically, the spacer 52 is disposed between the 
upper surface of the disk 16c? and the lower surface of 
the disk 16c at the inner-most portions of such disks, and 
the spacer 54 is disposed between the upper surface of 
the disk 16c and the lower surface of the disk 166 at the 
inner-most portions of each. The clamp 50 is bolted at 
one end to the lower hub 48 and has an annular lip 56 at 
its other end which is forced down upon the upper 


4 , 051,735 


5 

surface of the disk 166 thereby applying a clamping 
force to retain the spacers 52 and 54 in tight fitting 
relationship. The clamping force is made sufficiently 
great so that a rotation of the hub 48 will cause a corre- 
sponding rotation of each of the disks 166 - \6d. 5 

The spindle 30 is rotated to cause simultaneous rota- 
tion of the disks 166 - 16 d, as well as the disk 16a should 
the cartridge 28 be loaded into the disk drive 10, by 
means of a disk drive motor 58, a first pulley 60 
mounted to the drive shaft, of the motor 58, a second 10 
pulley 62 mounted to the lower shaft portion 42 of the 
spindle 30 and a drive belt 64 stretched between and 
about the pulleys 60 and 62. Thus, as the motor drive 
shaft is rotated by operation of the motor 58, the rotary 
action of such drive shaft will be transferred to the 15 
lower shaft portion 42 of the spindle 30, thereby causing 
the spindle 30 to rotate. 

As best shown in FIG. 3, each of the disks 16a - 1 6d 
has associated therewith a pair of electromagnetic 
read/write heads, disposed upon either side of the disk. 20 
Thus, heads 14a and 146 are disposed on either side of 
disk 16a, heads 14c and 14 d on either side of disk 166, 
heads 14c and 14 f on either side of disk 16c, and heads 
14g and 146 on either side of disk 16c?. Each head 14a - ^ 
146 is supported on an arm 66 which is, in turn, con- 
nected to an arm mounting piece 68. The arms 66 and 
mounting pieces 68 are identical for each head. 

The two mounting pieces 68 associated with the 
heads 14a and 146 are connected to a common receiver 3Q 
plate 70 (FIGS. 2, 5 and 7) which is, in turn, mounted by 
suitable means (not shown) to an upper carriage 72 
forming part of the improved linear actuator 12 which 
will be described in more detail below in connection 
with FIGS. 5-9. The six mounting pieces 68 associated 35 
with the six heads 14c - 146 are connected to a common 
receiver plate (not shown) similar to the plate 70 which 
is, in turn, mounted by suitable means (not shown) to a 
lower carriage 78 also forming part of the linear actua- 
tor 12. As shall become clear below, the carriages 72 40 
and 78 are independently movable in parallel linear 
directions so that the heads 14a and 146 may be posi- 
tioned independently of the heads 14c - 146. 

Referring now particularly to FIGS. 2 - 4, a motor 80 
is included for rotating a drive shaft 82 forming part of 45 
the linear actuator 12 and for rotating the drive shaft of 
an alternator 84. As will be described in more detail 
below in connection with FIG. 10, the motor 80 and 
alternator 84 together form part of an improved power 
supply for the disk drive 10. The motor 80 and altema- 50 
tor 84 each have a pulley 86 and 88, respectively, con- 
nected to their drive shafts. A drive belt 90 is stretched 
about and between the pulleys 86 and 88 so that energi- 
zation of the motor 80 will cause a corresponding ener- 
gization of the alternator 84. A second pulley 92 (FIG. 55 
3) is connected to the drive shaft of the alternator 84 
and it is coupled by means of a drive belt 94 to a pulley 
96 connected to the drive shaft 82 of the linear actuator 
12. Thus, energization of the motor 80 and thus alterna- 
tor 84 will cause a corresponding rotation of the drive 60 
shaft 82. If desired, pulley 92 and belt 94 could be de- 
leted with pulley 96 reoriented and driven along with 
pulley 86 and 88 by a single drive belt (not shown). Also 
connected to the drive shaft 82 of the linear actuator 12, 
and thus driven by energization of the motor 80, is a fan 65 
98. As is conventional, the fan serves to cool the disk 
drive 10 during operation by convective cooling. Ap- 
propriate ducts (not shown) are included in the overall 
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configuration of the disk drive to assist in such convec- 
tive cooling. 

As shown in FIG. 2, the various electrical and elec- 
tronic circuits for the disk drive 10 are preferably con- 
stituted on a plurality of printed circuit (PC) boards 100 
removably mounted to a platform (not shown) suitably 
connected to the support frame 20. These circuits in- 
clude the servo control circuits for controlling opera- 
tion of the linear actuator 12 in order to control the 
positioning of the heads 14a - 146, the rectifier, filter 
and voltage regulator circuits forming part of the power 
supply 18 to be discussed below in connection with 
FIG. 10, and the interface circuits for enabling the disk 
drive to communicate with a suitable host controller 
(not shown). 

Reference is now had to FIGS. 5 - 7 for a more de- 
tailed description of the improved linear actuator 12. In 
general terms, the linear actuator 12 is adapted to move 
each of the carriages 72 and 78 relative to the support 
frame 20 along a linear path parallel to the axis of rota- 
tion of the drive shaft 82. The drive shaft 82 is rotatably 
mounted to the support frame with its axis of rotation 
105 parallel to a desired direction of linear movement 
for the heads 14a - 146. More specifically, the support 
frame 20 has two walls 102 and 104 which are parallel to 
one another and a perpendicular to such desired direc- 
tion. The walls 102 and 104 have circular openings 
formed therein with aligned centers. The opening in 
wall 102 passes completely through the wall, unlike the 
opening in wall 104. A pair of bearing members 106 are 
mounted in the openings for receipt of the drive shaft 82 
with the axis 105 of the drive shaft intersecting the 
centers of the openings. The bearing members 106 may 
be of any suitable type capable of enabling the free 
rotation of the drive shaft about its axis while restrain- 
ing movement of the drive shaft in directions perpendic- 
ular to such axis. A spring member (not shown) and a 
snap ring 108 are respectively mounted in the openings 
in walls 104 and 102 for preventing axial movement of 
the drive shaft 82 during linear movement of one or 
both carriages. Specifically, the spring member is dis- 
posed between the bearing 106 in wall 104 and such 
wall and biases the inner ring of the bearing, and thus 
the drive shaft 82 against the snap ring 108 with a suffi- 
cient level of force to prevent such axial movement. For 
a more complete understanding of this relationship, 
reference is had to the aforementioned copending appli- 
cations. 

The drive shaft 82 includes an intermediate portion 
109 having an outer cylindrical surface 110 which is 
adapted to be forceably and frictionally engaged by a 
pair of follower rollers 112 and 114. These rollers are 
respectively mounted to the carriages 72 and 78 in a 
manner whereby each roller is rotatable about its axis 
and pivotable about a second axis perpendicular to its 
axis. For purposes of future explanation, the axis of 
rotation of each roller 112 and 114 shall be referred to as 
its “first axis.” Each carriage 72 and 78 is mounted to 
the support frame 20 with the carriage being movable 
relative to the support frame along a path parallel to the 
axis 105 of the drive shaft 82 and with the follower 
roller 112 or 114 mounted thereto being in frictional 
engagement with the cylindrical surface 110 of the 
drive shaft 82 whereby such roller is caused to rotate 
about its first axis by rotation of the drive shaft 82. 

Referring specifically to FIG. 6, the first axes of the 
rollers 112 and 114 are respectively defined by their 
longitudinal axes 116 and 118, whereas the second axes 
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of the rollers are respectively defined by axes 120 and 
122 which are respectively perpendicular to axis 116 
and 118 and which respectively intersect the centers of 
the rollers 112 and 114. Thus, with these rollers having 
their first axes 116 and 118 parallel to the axis 105 of the 5 
drive shaft 82, as shown in FIG. 6, the rollers will be 
caused to rotate about such axes in the opposite direc- 
tion to the rotation of the drive shaft 82. In addition, if 
a roller is pivoted about its second axis so that its first 
axis becomes oblique to the axis 105 of the drive shaft 10 
82, the roller will, in addition to being rotated about its 
first axis by rotation of the drive shaft 28, be moved 
linearly in a direction parallel to the axis of the drive 
shaft. Looking at FIG. 5, if the roller 112 is pivoted 
clockwise, for example, from the position shown so that 15 
its axis 116 is oblique to the axis 105 of the drive shaft, 
a counter clockwise rotation of the drive shaft (see FIG. 

6) would result in movement of the roller toward the 
left. This relationship is more completely described in 
the aforementioned copending U.S. applications Ser. 20 
Nos. 486,408 and 579,432. 

Before describing in detail a preferred means for 
mounting each follower roller 112 and 114 to its asso- 
ciated carriage 72 and 78, it must be noted that each 
carriage and associated follower roller, together with 25 
the associated means for mounting the roller to the 
carriage and all other elements and components cou- 
pled to and carried by the carriage as it moves along its 
linear path, constitute a head-carriage assembly. In ac- 
cordance with one improvement of the linear actuator 30 
12 to be described in more detail below, each head-car- 
riage assembly is so arranged and mounted such that its 
center of mass lies along a line parallel to the axis of the 
drive shaft and substantially intersecting or at least 
closely adjacent the center of force acting upon the 35 
carriage to move it and the assembly along a linear path 
parallel to the axis 105 of the drive shaft. The center of 
force is defined substantially at the nip between the 
follower roller and the cylindrical surface 110 of the 
drive shaft. With the center of mass lying along a line 40 
substantially intersecting or at least closely adjacent the 
center of force, such force will pass substantially 
through or at least closely adjacent the center of mass 
thereby substantially reducing tipping movements. The 
presence of tipping movements oftentimes results in 45 
unwanted vibrations which can adversely affect posi- 
tioning control of the assembly. 

As best shown in FIG. 6, each carriage 72 and 78 has 
a substantially flat platform portion 124, each of which 
includes a circular opening 126 formed therein. The 50 
means for mounting each follower roller 112 and 114 to 
its respective carriage then includes a bearing 128 
mounted to the carriage within the respective opening 
opening 126, and a support member 130 connected to 
the follower roller for enabling the rotation of the roller 55 
about its first axis. As will be discussed in more detail 
below, each support member 130 includes a portion 140 
mounted in the respective opening 126 against the bear- 
ing 128 in order that the respective follower roller may 
be pivoted about its second axis. 60 

In accordance with another improvement of the lin- 
ear actuator 12, the bearing 128 is preferably of the 
“torque tube type.” As used herein, the term “torque 
tube type” shall be deemed to refer to the class of bear- 
ings which are characterized by two concentric rings 65 
132 and 134 spaced apart a distance substantially less 
than the radius of the inner ring, and a plurality of ball 
bearings 136 disposed between and in rolling contact 
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with an annular groove 138 formed in each of the rings. 
These bearings are also sometimes referred to as “thin- 
walled” bearings due to the ratio of the distance be- 
tween the rings relative to the radius of the inner ring. 
The thin-walled nature of these bearings greatly stiff- 
ens, with minimum weight and moment of inertia, the 
respective head-carriage assembly in relation to the 
ability of the respective follower roller and its support 
member 130 to move relative to the carriage. Such 
stiffening reduces the chances of unwanted vibrations 
which might adversely affect positioning control. 

Still referring to FIGS. 5-7, each support member 
130 includes a circular platform portion 140 which is 
fitted in the opening 126 in the respective carriage plat- 
form portion 124 against the inner ring 134 of the re- 
spective bearing 128. The platform portion 140 is then 
rotatable about its axis relative to the outer ring 132 of 
the bearing 128 and thus the respective carriage 72 or 78 
in which such bearing is mounted. Each platform por- 
tion 140 has an opening 142 formed therein through 
which a respective follower roller is disposed in order 
to contact the cylindrical surface 110 of the drive shaft 
82 when the platform portion 124 is mounted closely 
adjacent such cylindrical surface in a manner to be 
described below. 

Each support member 130 further includes an arm 144 
integral with and projecting from the platform portion 
140 thereof. Bolted to each arm 144 is a shaft 146 about 
which a respective one of the follower rollers 112 and 
114 is rotatable. In this respect, the follower rollers 112 
and 114 are each preferably of a type having a built-in 
bearing suitable to allow rotation of the roller about the 
respective shaft 146 and sufficient to constrain any 
other movement of the roller relative to such shaft, e.g. 
along the axis of the shaft 146. Each shaft 146 is bolted 
to its respective arm 144 at a location such that the 
respective follower roller will be received in the open- 
ing 142 in the platform portion 140 and will project 
through the opposite side of the respective platform 
portion 124. 

Each arm 144 has a vertically oriented plate 148 at the 
outer end thereof. Each plate 148 has mounted thereto 
a bobbin 150 about which is wound a coil 152. Each coil 
152 forms part of a magnetic assembly 154 which will 
be described in more detail below. At this point, how- 
ever, it should be noted that when current is made to 
flow in one direction through the coil 152, it will cause 
the respective support member 130 to rotate within the 
opening 126 about its axis thereby causing the respec- 
tive follower roller 112 or 114 to pivot about its second 
axis 120 or 122, respectively. In this regard, it will be 
noted that the axis of rotation of each platform portion 
140 is coincident with and defines the second axis of the 
respective follower roller. 

Still referring to FIGS. 5-7, the means for mounting 
each carriage 72 and 78 to the support frame 20 will 
now be described. As alluded to above, the mounting is 
such that the carriage, and thus entire head-carriage 
assembly, is movable along a linear path parallel to the 
axis 105 of the drive shaft 82, and the respective fol- 
lower roller 112 or 114 is in frictional and forceable 
engagement with the cylindrical surface 110 of the 
drive shaft whereby the roller is caused to rotate about 
its first axis 116 or 118, respectively, by rotation of the 
drive shaft 82 when such first axis is parallel to the axis 
105 of the drive shaft 82 and is additionally caused to 
move along such linear path during rotation of the drive 
shaft when such first axis is oblique to the axis 105. It 
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should be apparent that the greater the angle between 
the first axis of the follower roller and the axis 105, the 
faster the linear movement of the respective head-car- 
riage assembly. Also, the faster the follower roller is 
pivoted about its second axis, the greater the accelera- 5 
tion or deceleration of the head-carriage assembly, as 
the case may be. 

The means for mounting each carriage 72 and 78 to 
the support frame 20 is identical and so like reference 
numbers will be used for identical parts. Each carriage 10 
72 and 78 includes first and second flange portions 156 
and 158 integral with the respective platform portion 
124 and extending in a direction away from the respec- 
tive follower roller 112 or 114 mounted thereto. Each 
flange portion 156 includes a pair of support bars 160 15 
mounted at either end thereof. Each bar 160 is prefer- 
ably generally triangular in cross-section, as best shown 
in FIG. 6, and has a pair of guide rollers 162 rotatably 
mounted to the sloped sides thereof. There are thus four 
guide rollers 162 mounted to each carriage 72 and 78 20 
and forming a part of the overall head-carriage assem- 
bly including such carriage. The guide rollers 162 of 
each head-carriage assembly are adapted to frictionally 
and forceably engage a guide rail 168 fixedly mounted 
by suitable means to the side walls 102 and 104 of the 25 
support frame 20 with the axis of the rail 168 being 
parallel to the axis 105 of the drive shaft 82. 

As best shown in FIG. 7, each flange portion 158 
terminates in a generally horizontal support pad 164 
having a leaf spring 166 mounted to the underside 30 
thereof by a mounting plate 167. Each leaf spring 166 
extends outwardly from its support pad 164 in a direc- 
tion opposite the location of the disks 16- 1 6d, i.e. 
toward the back wall 102 of the support frame 20. The 
spring has a pair of angled flange portions 170 adapted 35 
to engage the shaft 172 of a load roller 174 included in 
each head-carriage assembly. In this respect, the shaft 
172 extends from either side of the roller 174. 

Each spring 166 is adapted to forceably bias its re- 
spective load roller 174 against a load rail 176. There 40 
are thus two load rails 176, one associated with each 
carriage 72 and 78 and thus with each head-carriage 
assembly. Each load rail 176 is fixedly mounted by 
suitable means to the side walls 102 and 104 of the sup- 
port frame 20 and extends in a direction parallel to the 45 
axes of the drive shaft 82 and the guide rail 168. Prefer- 
ably, the rails 168 and 176 each extends a distance sub- 
stantially coextensive with the drive shaft 82 as 
mounted between the frame walls 102 and 104. 

As best shown in FIG. 6, each carriage 72 and 78 is 50 
physically mounted to the support frame 20 by position- 
ing the carriage such that the rollers 162 engage the 
guide rail 168. The platform portion 124 of the carriage 
is then lowered until the associated follower roller 112 
or 114 mounted thereto engages the cylindrical surface 55 
110 of the drive shaft 82. The platform portion 124 will 
be substantially horizontal due to the relationship of the 
position and diameter of the cylindrical surface 110 
relative to the position and diameter of the guide rail 
168. During this initial mounting operation, the respec- 60 
tive load roller 174 will not have been introduced. 

Now then, the flange portions 170 of the associated 
leaf spring 166 are manually deflected away from the 
load rail 176 thereby allowing the load roller 174 to be 
positioned between the spring 166 and the load rail and 65 
retained in place by the flange portions 170 engaging 
the shaft 172 of the load roller 174. The diameter and 
position of each load rail 176 is very carefully deter- 
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mined in relation to the diameter of the load roller 174 
and the characteristics of the spring in order for the 
spring to exert a sufficient biasing force engaging the 
load roller 174 against the load rail 176 to establish a 
resultant opposing force biasing the carriage in the di- 
rection of the drive shaft 82 and thereby engaging the 
respective follower roller 112 or 114 against the cylin- 
drical surface 110 of the drive shaft 82 with such force. 
This force is pre-established at a level sufficient to pre- 
vent slippage of the follower roller relative to the cylin- 
drical surface 110 during controlled reciprocal linear 
movement of the carriage along a path parallel to the 
axis of the drive shaft 82. 

In accordance with another improvement of the lin- 
ear actuator 12, a means is provided for reducing the 
force biasing each follower roller 112 and 114 against 
the cylindrical surface 110 of the drive shaft 82 when- 
ever the respective carriage is at an “inactive” position 
relative to one or more “active” positions. In the con- 
text of a disk drive, such as the disk drive 10, the “inac- 
tive” position of each carriage may be defined when the 
electromagnetic heads carried thereby are retracted 
relative to their respective disk or disks and the “active” 
positions are each defined when the heads are posi- 
tioned above a desired track on the respective disk 
surfaces. 

In accordance with the preferred embodiment, the 
drive shaft 82 is continuously rotated regardless of 
whether or not a particular carriage or both carriages 
may be at an “inactive” position, i.e. with heads re- 
tracted. Rotation is desirably continuous in order to 
keep the alternator 84 and for 98 operating continu- 
ously. 

Referring to FIG. 7, the means for reducing the bias- 
ing force holding each follower roller 112 and 114 
against the cylindrical surface 110 of the drive shaft 82 
includes a ramp 178 formed in the peripheral surface of 
each load rail 176 at a location to be engaged by the 
respective load roller 174 when the respective carriage 
is at its “inactive,” or head retracted position. Such 
“inactive” position is shown for the lower head-car- 
riage assembly i.e. that including the carriage 78, in 
FIG. 7. Each ramp 178 is formed into the load rail 176 
in a manner such that when the associated load roller 
174 is engaged therewith, the roller 174 will be allowed 
to move closer to the axis of the load rail 176, thereby 
reducing the biasing force of the associated spring 166. 
Thus, of course, will then reduce the force engaging the 
roller 174 against the load rail 176 and thus the force 
engaging the respective follower roller 112 or 114 
against the cylindrical surface 110 of the drive shaft. 
Each ramp 178 is preferably tapered so that the biasing 
force will be increased gradually when the respective 
carriage is moved from its inactive to one of its active 
(heads loaded) position. 

The primary purpose of reducing the biasing force 
during periods when the heads are retracted is to pro- 
long the life of the respective follower roller 112 or 114 
and the cylindrical surface 110 of the drive shaft 82, 
since the drive shaft and follower rollers are continu- 
ously rotating even when the heads on a particular 
carriage are retracted. However, it should be clear that 
such reduction in biasing force will also reduce the load 
on the bearings of rollers 112 and 114 and the drive shaft 
bearings 106, thereby prolonging their life and increas- 
ing overall reliability. By reason of the reduction in 
biasing force during head retracted periods, it is possible 
to fabricate each follower roller and/or cylindrical 
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surface of the drive shaft of a slightly less expensive 
material than would be normally employed if the bias- 
ing force was always constant whether the heads were 
retracted or not. The specific materials selected for the 
follower rollers 112 and 114 and the cylindrical surface 5 
110 constitute yet another improvement of the linear 
actuator 12 and will be described in more detail below. 

Before discussing this latter improvement, as well as 
all other improvements of the linear actuator 12, the 
magnetic assemblies 154 will be discussed with refer- 10 
ence to FIGS. 5 - 7. It will be recalled that each assem- 
bly 154 constitutes part of a means for selectively and 
controllably pivoting the respective follower roller 112 
or 114 about its second axis 120 or 122, respectively, 
during the rotation of the drive shaft 82 in order to 15 
control the movement of the follower roller and thus 
the respective carriage and head-carriage assembly 
along a linear path parallel to the axis 105 of the drive 
shaft 82. 

Each magnetic assembly includes a pair of elongate 20 
permanent magnets 180 and 182 which are mounted to 
a housing 184 in spaced apart relation. Positioned in the 
space between the magnets 180 and 182 is the associated 
coil wound bobbin 150. The bobbin 150 is capable of 
traversing the elongate space between the magnets dur- 25 
ing linear movement of the respective carriage and is 
also capable of movement along an arcurate path rela- 
tive to the second axis 120 or 122 of the associated 
follower roller 112 or 114, respectively, in order to 
pivot the roller about such axis. In this respect, the 30 
clearance between each bobbin 150 and the adjacent 
side wall 185 of the housing 184 is made large enough to 
allow such arcurate movement unobstructed. The mag- 
netic field established between the magnets 180 and 182 
is such that the bobbin will move in one direction along 35 
the above referenced arcurate path during energization 
of the coil in one direction and will move in the opposite 
direction upon energization of the coil in the other 
direction. In this manner, the direction of linear move- 
ment of each head-carriage assembly can be controlled. 40 
The specific manner in which current is applied to the 
coils 152 will be discussed in more detail below in con- 
nection with FIG. 9. 

Further included in each magnetic assembly 154 are a 
pair of limit stops 186 and 188 (FIG. 7). The stop 186 is 45 
mounted to the housing 184 between the magnets adja- 
cent the rearward end of the path of travel of the bobbin 
150, i.e. at that portion of such path of travel furthest 
from the location of the disks 16a-16d in the disk drive 
10. Correspondingly, the stop 188 is mounted to the 50 
housing 184 between the magnets adjacent the forward 
end of the bobbin’s path of travel. The stops 186 and 
188, of course, act to define rearward and forward limits 
to the path of travel of the bobbin 150 and thus the 
respective head -carriage assembly during energization 55 
of the coil 152 wound on such bobbin. Appropriate 
emergency stops (not shown) may be provided at ap- 
propriate locations in the disk drive in the event the 
control current to the coil 152 ceases during movement 
of the respective head-carriage assembly. 60 

Certain improvements included in the linear actuator 
12 have already been discussed. However, it would be 
helpful to include, at this point, a discussion of each of 
the improvements, including a brief review of each 
mentioned to date. The primary aims of the improve- 65 
ments considered as a whole are to reduce any “loose- 
ness” that may exist in the linear actuator 12 which 
might result in positioning errors, as well as to prolong 
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the life of the follower rollers 112 and 114 and the cylin- 
drical surface of the drive shaft 82 and to reduce the 
chances of the wear that is experienced thereby result- 
ing in positioning errors. 

As used herein, the term “looseness” refers to the 
ability of each head-carriage assembly to move relative 
to its direction of lineal movement during such lineal 
movement, as well as the ability of various components 
of the assembly to move relative to one another or 
relative to the assembly as a whole during lineal move- 
ment of the assembly. There are a number of ways to 
reduce looseness. For one, the drive shaft 82 should be 
rotatably mounted to the support frame 20 in a manner 
whereby it is restrained from all movements, except 
rotation about its axis 105. As another, each follower 
roller 112 and 114 should be restrained from all move- 
ments relative to the respective carriage 72 or 78 to 
which it is mounted, except rotation about its first axis 
116 or 118, respectively, and pivoting about its second 
axis 120 or 122, respectively. 

In accordance with the linear actuator 12, suitable 
bearings members 106, spring member 107 and retaining 
ring 108 are employed to restrain unwanted movements 
of the drive shaft 82. Similarly, the arrangement of 
using an internal bearing (not shown) in each follower 
roller 112 and 114 with the arm 144 of the associated 
support member 130 being bolted to the shaft 146 of the 
roller restrains any unwanted movements of the roller 
relative to such support member. The most difficult 
area to reduce looseness is with respect to unwanted 
movement of each follower roller relative to its respec- 
tive carriage. This is especially difficult in the present 
arrangement where each follower is disposed through 
the opening 126 in the platform portion 124 of the asso- 
ciated carriage 72 or 78. 

In one improvement of the linear actuator 12„ there- 
fore, a bearing 128 of the “torque tube” or “thinned 
walled” type is employed to rotatably mount the plat- 
form portion 140 of each support member 130 within 
the opening 126 of the associated carriage platform 
portion 124, as discussed above. Also as discussed 
above, this greatly stiffens, with minimum weight and 
movement of inertia, the head-carriage assembly by 
substantially reducing the likelihood of unwanted 
movements of each follower roller relative to its car- 
riage. Such stiffening reduces the likelihood of un- 
wanted vibrations occuring which might adversely 
affect positioning control. 

In accordance with another improvmement of the 
linear actuator 12 , the configuration, orientation and 
mounting of each head-carriage assembly to the support 
frame 20 is such that the center of mass of the head-car- 
riage assembly, which includes all components mounted 
or coupled to and movable with the associated carriage 
72 or 78, lies along a line parallel to the axis of the drive 
shaft and substantially intersecting or at least closely 
adjacent the center of force acting upon the head-car- 
riage assembly to move it along its linear path parallel to 
the axis 105 of the drive shaft 82. This center of force 
will be substantially at the nip between the respective 
follower roller 112 or 114 and the cylindrical surface 
110 of the drive shaft 82. In view of the above, the force 
acting to move each head-carriage assembly will pass 
substantially through or at least closely adjacent its 
center of mass, thereby substantially reducing tipping 
moments and their resultant vibrations, and thereby 
reducing the chances of positioning errors. Vibrations 
may be especially undesirable if the servo control sys- 
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tem used to control energization of the coils 152 and 
thus linear movement of the head-carriage assemblies is 
of a closed loop type, for example having a “track-fol- 
lowing” capability. Should the resonant frequency of 
any vibrations be within the servo bandwidth, track 
following errors may occur. 

The desired location of the center of mass relative to 
the center of force, as above-described, is the result of a 
number of factors in the improved linear actuator 12. 
First, the main platform portion 124 of each carriage 72 
and 78 is positioned very closely adjacent the cylindri- 
cal surface of the drive shaft 82. This is made possible 
by mounting the respective follower roller 112 or 114 to 
the platform portion 124 with the peripheral surface 
thereof projecting through the opening 126 in order to 
contact the cylindrical surface 110. Desirably, the dis- 
tance from the nip between each follower roller 112 and 
114 and the cylindrical surface 110 to that surface of the 
respective platform portion 124 located furthest from 
such nip is less than the radius of the follower roller. In 
this manner, each platform portion 124 will be located 
between the nip and the first axis of the respective fol- 
lower roller. 

As a second factor, the means for biasing each fol- 
lower roller 112 and 114 against the cylindrical surface 
110 is located on the drive shaft 82 side of the nip be- 
tween the follower roller and the cylindrical surface. It 
will be recalled that this biasing means includes the 
flange portion 158, support pad 164, leaf spring 166, 
load roller 174 and load rail 176. All but the load rail 176 
are part of the respective moving mass assembly, i.e. 
head-carriage assembly. 

As a third factor, the guiding means for each head- 
carriage assembly, which includes not only the biasing 
means as the above described, but also the flange por- 
tion 156, bars 160, guide rollers 162 and guide rail 168, 
is located on the drive shaft 82 side of the nip between 
the respective follower roller and the cylindrical sur- 
face 110. All but the guide rail 168 in this latter group 
are part of the respective head-carriage assembly. 

The combination of the above-three factors essen- 
tially compensates for the mass of each head-carriage 
assembly located on the follower roller side of the nip. 
This mass includes the respective electromagnetic 
heads and their mountings, the respective follower 
roller itself and its mounting means, as well as the plat- 
form portion 124 of the respective carriage 72 or 78. In 
other words, each head-carriage assembly is configured 
and mounted such that the total mass thereof located on 
the follower roller side of the nip is substantially coun- 
ter-balanced by the total mass thereof located on the 
drive shaft side of the nip so that the center of mass of 
the entire assembly will lie along a line parallel to the 
axis of the drive shaft and substantially intersecting the 
nip. In this manner, the force acting upon the head-car- 
riage assembly to move it linearly will pass substantially 
through the center of mass. In actuality, it may be diffi- 
cult to define the center of mass along a line parallel to 
the axis 105 of the drive shaft and precisely intersecting 
the nip. In accordance with the subject improvement of 
the linear actuator 12, therefore, the center of mass is 
located along a line parallel to the axis 105 which sub- 
stantially intersects or is at closely adjacent the nip. 

Due to the precision and speed required in positioning 
each head-carriage assembly, it is desirable that the 
associated follower roller 112 or 114 be pivotable about 
its second axis 120 or 122, respectively, with a minimal 
amount of torque. Not only will this facilitate postion- 
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ing in terms of the speed and accuracy requirements, 
but it will also minimize the power necessary to supply 
such torque. In accordance with another improvement 
of the linear actuator 12, therefore, the shape of the 
5 peripheral surface of each follower roller is optimized 
in the sense that the torque required to pivot the fol- 
lower roller about its second axis is made as small as 
possible consistent with an acceptable level of stress on 
the follower roller and cylindrical surface 110 of the 
10 drive shaft 82 for the particular materials thereof and 
force of engagement therebetween. 

The amount of torque required to pivot each follower 
roller 112 and 114 about its second axis 120 and 122, 
respectively, is directly related to the frictional resis- 
15 tance to pivoting such roller as engaged with the cylin- 
drical surface 110 of the drive shaft 82. Such functional 
resistance to pivoting is, in turn, a function of the force 
holding the follower roller in frictional engagement 
with the cylindrical surface 110, the materials of the 
20 follower roller and cylindrical surface, and the contact 
area between the follower roller and cylindrical sur- 
face. By “contact area” it is meant that portion of the 
peripheral surface of the follower roller and the cylin- 
drical surface of the drive shaft 82 which are in mutual 
25 engagement at any instant of time. 

Although the torque required to pivot each follower 
roller 124 and 114 about its respective second axis 120 
and 122 decreases as the contact area is reduced, the 
stress on the peripheral surface of the roller and cylin- 
30 drical surface of the drive shaft at such contact area will 
be increased. In accordance with the subject improve- 
ment, therefore, the contact area is optimized or made 
as small as possible consistent with an acceptable level 
of stress in order to have the torque required for pivot- 
35 ing as small as possible consistent with such level of 
stress. 

Referring to FIGS. 5 and 7, the peripheral surface of 
each follower roller 112 and 114 is formed of convex 
cross-sectional configuration wherein the cross-section 
40 is defined along a plane including the first axis of the 
follower roller therein. Any suitable complex shape 
may be utilized consistent with the particular materials 
of the follower roller and cylindrical surface 110 in 
order for the “contact area” to be kept to an acceptable 
45 minimum, as above defined. Desirably, the peripheral 
surface of each follower roller is circularly convex in 
cross-section wherein the radius of curvature is opti- 
mized in the sense that the requisite pivoting torque is as 
low as possible consistent with an acceptable level of 
50 stress on the follower roller and cylindrical surface 110. 

Reference is now had to FIG. 8 which is a general 
graphical representation of the torque required to pivot 
each follower roller as a function of the radius of curva- 
ture of its peripheral contacting surface, as well as the 
55 stress on the follower roller as a function of such radius 
of curvature. Obviously, the particular materials and 
force of engagement will dictate what the optimum 
radius of curvature will be in terms of required pivoting 
torque and stress. In practice, this is a trial and error 
60 technique. It might well be that a range of so-called 
“optimized” radii of curvature will be arrived at. 

When using a drive shaft 82 having its cylindrical 
surface 110 fabricated of tungsten carbide with an outer 
diameter of about 1.5 inches and follower rollers 112 
65 and 114 each fabricated of a hardened, corrosion resis- 
tant tool steel having an outer peripheral radius of about 
0.6 inches, with a force of between about 40 and 50 
pounds engaging each follower roller against the cylin- 
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drical surface 110, it has been found that the desired 
cross-sectioned shape of each follower roller is circu- 
larly convex with a radius of curvature of about be- 
tween 4.0 and 8.0 inches. 

Obviously, the above is only exemplary, as the spe- 5 
cific convex shape of each follower roller will be deter- 
mined on a trial and error basis following selection of 
appropriate materials for the follower rollers and cylin- 
drical surface 110, as well as an appropriate force or 
range of forces for engaging each follower roller 10 
against the cylindrical surface 110. Thus, it may well be 
that a circularly convex cross-section might not always 
be best suited and some other convex configuration 
might be found more desirable. In any event, the subject 
improvement resides in the recognition that a shape 15 
different than lineal in cross-section should be defined 
for the peripheral surface of each follower roller in 
order to reduce the “contact area,” as above defined. 

In accordance with yet another improvement of the 
linear actuator 12, the materials of the follower rollers 20 
112 and 114 and cylindrical surface 110 are selected 
such that the peripheral surface of each follower roller 
is less hard than the cylindrical surface 110. With this 
relationship, any wear that occurs due to continuous 
driving frictional contact between each follower roller 25 
and the cylindrical surface 110 will be borne primarily 
and, if the materials are optimumly selected in view of 
the engaging force, substantially entirely by the periph- 
eral surfaces of the following rollers. Additionally, the 
specific material of each follower roller peripheral sur- 30 
face is selected such that the normal wear thereof will 
be substantially uniform. In this manner, the possibility 
of positioning errors occuring as a result of grooves 
being formed in the cylindrical surface 110 due to un- 
even wear thereof is substantially reduced, as is the 35 
possibility of unwanted vibrations occuring as a result 
of an unevenly worn roller peripheral surface or drive 
shaft cylindrical surface. 

In accordance with one exemplary embodiment, and 
as alluded to above, the peripheral surface of each fol- 40 
lower roller 112 and 114 is fabricated of a hardened, 
corrosion resistant tool steel, preferably having a 
“Rockwell C” hardness of between about 63 and 65, 
and the cylindrical surface 110 of the drive shaft is 
fabricated of tungsten carbide having a Rockwell C 45 
hardness of between about 80 and 85. As an alternative, 
the material of the cylindrical surface 110 may be tita- 
nium carbide having a Rockwell C hardness of between 
about 77 and 82. It will be noted that, in both cases, the 
material of the peripheral surfaces of the follower roll- 50 
ers 112 and 114 is less hard than that of the cylindrical 
surface 110. It will be further be noted that no external 
lubrication means is required in either alternative, 
which is desirable in view of the maintenance require- 
ments of such a lubrication means and the possibility of 55 
the lubricant adversely affecting the ability of the heads 
14a-14A to “fly” above their respective disk surfaces. 

In accordance with another exemplary embodiment, 
each follower roller 112 and 114 may be fabricated of a 
thermo-set type plastic or a plastic reinforced with 60 
strengthening fibers, such as boron fibers. A plastic of 
the first category that has been tested with success thus 
far is generally known as polymide plastic. In this em- 
bodiment, the cylindrical surface 110 of the drive shaft 
82 is fabricated of a hardened, corrosion resistant tool 65 
steel having a Rockwell C hardness of between about 63 
and 65. This is to be compared with a Rockwell E hard- 
ness of polymide plastic of about 45 which is approxi- 
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mately equivalent to a Rockwell C hardness of about 
4.5. 


The use of plastic follower rollers has the advantage 
of being considerably lower in cost than tool steel. On 
the other hand, the plastic might tend to flaten out 
during periods of non-use, i.e. when not being driven by 
rotation of the drive shaft 82. This can be compensated 
for, however, by providing the ramp 178 in each load 
rail 176 to reduce the force loading each follower roller 
112 and 114 against the cylindrical surface 110 during 
periods of head retraction which would, of course, 
include periods of non-use since the heads are retracted 
during non-use. The use of ramps 178 therefore consti- 
tutes yet another improvement of the linear actuator 12, 
as explained in more detail above. 

Reference is now had to FIG. 9 wherein an exem- 
plary driver circuit 190 for energizing the coil 52 in 
each magnetic assembly 154 is shown. The driver cir- 
cuit includes an operational amplifier 192 having its 
negative input coupled through a resistor R1 to the 
control output terminal 193 of a servo control system 
194 and its positive input coupled to ground through a 
resistor R2. The servo system may be of any suitable 
type. For example, it may be a first order system 
wherein the control signal output is representative of 
the distance to be traveled by the heads of the respec- 
tive head-carriage assembly between actual and desired 
positions. Alternatively, it may be a second order sys- 
tem wherein the control signal output is representative 
not only of the distance to be traveled, but also of a 
desired velocity of travel for such distance. As another 
alternative, a third order system may be employed 
wherein the control signal output is representative of 
the distance to be traveled, as well as the desired veloc- 
ity and the desired acceleration or deceleration for such 
distance. 

The servo control system 194 may be designed 
merely to position the heads of each assembly over a 
desired track by positioning the heads at the radius of 
the disk corresponding to such track. Alternatively, and 
desirably, the servo control system has a track follow- 
ing capability so that the heads may be made to follow 
the “run-out” or eccentricity of each track. In a track 
following servo, therefore, the control signal output at 
the terminal 193 will vary after the heads have been 
initially positioned over the track in order to allow the 
run-out thereof. 

As the specific servo control system selected for use 
does not form part of the present invention, it will not 
be described in detail herein. However, it must again be 
pointed out that any suitable servo control system may 
be employed. 

Referring again to FIG. 9, the output of the amplifier 
192 is coupled to the base electrode of an NPN transis- 
tor U1 and to the base electrode of a PNP transistor U2. 
The collector electrode of the transistor U1 is coupled 
to a source of positive d-c voltage (+V) as supplied by 
an improved d-c power supply 18. Voltage +V is also 
supplied to the collector electrode of another NPN 
transistor U3. The power supply also generates a nega- 
tive d-c voltage (—V) which is coupled to the collector 
electrode of the transistor U2 and to the collector elec- 
trode of another PNP transistor U4. 

The emitter electrode of the transistor U1 is coupled 
to the base electrode of the transistor U4 and the emitter 
electrode of the transistor U2 is coupled to the base 
electrode of the transistor U3. Additionally, a resistor 
R3 is coupled between the base and collector electrodes 
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of the transistor U3 and a resistor R4 is coupled between 
the base and collector electrodes of the transistor U4. 

The emitter electrodes of the transistors U3 and U4 are 
coupled together through a pair of resistors R5 and R6. 

The coil 152 is then coupled at one end to the junction 5 
of the resistors R5 and R6 and at the other end to a 
terminal 198 which is coupled to ground through a 
resistor R7 and is also coupled in feedback relation 
through a resistor R8 to the negative input of the opera- 
tional amplifier 192. 10 

In operation, a positive control signal received at the 
negative input to the amplifier 192 will be inverted and 
applied to both transistors U1 and U2. The negative 
signal will cause only the transistor U2 to turn on, 
thereby turning on transistor U3 and causing a current 15 
flow from right to left through the coil 152 as shown in 
FIG. 9. The current flow will continue to inrease until 
the current flowing through resistor R1 equals that 
flowing through resistor R8. At this point, the output of 
the amplifier 192 will go positive, thereby turning off 20 
transistors U2 and U3. This point corresponds to the 
associated follower roller 112 or 114 being pivoted a 
desired amount in order to attain a desired velocity for 
the particular distance remaining to be traveled by the 
associated head-carriage assembly. The current flow 25 
through the coil 152 will start to decay thereby result- 
ing in transistors U2 and U3 turning on again after a 
short period. The resulting pulsing action will continue 
as the head-carriage assembly is moved toward its de- 
sired stopping position, except that the control signal 30 
will be progressively reduced in positive amplitude 
thereby causing the progressively slower movement of 
the head-carriage assembly. This is continued until the 
desired stopping position is reached, at which point the 
control signal will be zero. 35 

When it is desired to move the head-carriage assem- 
bly in the opposite direction, a negative control signal 
will be applied to the negative input of the amplifier 192 
resulting in a positive output thereof which turns on 
transistors U1 and U4 thereby causing a current flow 40 
through the coil 152 from left to right as viewed in FIG. 

9. This will be continued until the desired pivotal posi- 
tion of the respective follower roller is reached, which 
corresponds to the current flow through resistor R1 
equaling that through resistor R8. The same pulsing 45 
operation will then take place as described above until 
the head-carriage assembly reaches its desired stopping 
position. 

In the case of a track following servo control system, 
the head-carriage assembly will be constantly altered in 50 
lineal position at a frequency corresponding to the run- 
out frequency of the track. In this case, the control 
signal at terminal 193 will be alternately positive and 
negative. 

It must be pointed out that any suitable coil driver 55 
circuit capable of controlling the direction and level of 
current flow through each coil 152 may be used. The 
one shown in FIG. 9 is merely exemplary. Further, it 
must be understood that the resultant magnetic field 
established in each magnetic assembly 154 by the cur- 60 
rent flowing in the coil 152 in relation to the permanent 
magnets 180 and 182 determines the direction of pivotal 
movement of the respective follower roller; and the 
pivoting force defined by that resultant magnetic field 
considered in relation to the torque necessary to pivot 65 
the follower roller determines the speed with which the 
follower roller can be pivoted to a desired pivotal posi- 
tion, such speed directly determining the acceleration of 
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the assembly up to a velocity defined by such desired 
pivotal position. 

Each coil 152 may alternatively be comprised of a 
pair of coils (not shown) each adapted to conduct cur- 
rent in only one direction. A desirable drive circuit for 
each pair of coils is disclosed in the aforementioned U.S. 
patent application Ser. Nos. 486,408 and 579,432. 

Reference is now had to FIG. 10 which discloses the 
improved power supply 18 depicted generally in FIG. 
9. As shown in FIG. 10, the power supply includes the 
drive motor 80 which is driven at a predetermined rate 
of speed when energized by a suitable a-c voltage as 
applied along a transmission line 81 from an a-c source 
83. As will be recalled, energization of the motor 80 will 
cause the alternator 84 to be correspondingly driven 
and the drive shaft 82 correspondingly rotated. The 
alternator 84 also forms part of the power supply 18 and 
preferably includes three sets of 3-phase windings, as 
schematically shown. Alternators of this type are well 
known in the art. 

As shown in FIG. 10, winding set 1 of the alternator 
84 is capable of generating an a-c voltage at an output 
terminal 1-a having a peak amplitude equal to the d-c 
voltage V plus the voltage drop across either of a pair of 
matched diodes D1 and D2 included in a 3-phase full- 
wave rectifier circuit 198. The output terminal 1-2 is 
coupled to the cathode of diode D1 and the anode of 
diode D2. The same a-c voltage as developed at the 
terminal 1-a is also developed at additional output ter- 
minals 1 -b and 1-c, but are mutually phase-displaced 
from one another by 120°. The terminal 1 -b is coupled 
to the cathode of a diode D3 and the anode of a diode 
D4, and the terminal 1-c is coupled to the cathode of a 
diode D5 and the anode of a diode D6. All six diodes 
D1 - D6 are matched. 

As is conventional, the anodes of the diodes Dl, D3 
and D5 are each coupled to one output terminal 200 of 
the rectifier 198 and the cathodes of the diodes D2, D4 
and D6 are each coupled to another output terminal 
202. In this manner, the positive d-c voltage +V is 
developed at the terminal 200 having a ripple frequency 
six times that of the frequency of each a-c signal devel- 
oped at terminals 1-a, 1 -b and 1-c. For example, and 
preferably, these a-c signals have a frequency of 67 Hz 
so that the ripple component of + V at the terminal 200 
will be at 400 Hz. Similarly, the negative d-c voltage 
—V is developed at the terminal 202 having the same 
ripple frequency. 

The signals at terminals 200 and 202 are coupled to 
either side of a filter capacitor C included in a filter 204, 
wherein the side coupled to terminal 202 is grounded 
and the output of the filter is taken solely from the 
terminal 200 side of the capacitor C. The capacitor C, of 
course, smooths out the ripple component of the d-c 
voltage +V. In view of the fact that the ripple fre- 
quency is so high, the capacitor C may be relatively 
small, e.g. 100 mf, thereby reducing the cost and size of 
the power supply. If desired, the developed d-c voltage 
+ V may also be fed through a suitable voltage regula- 
tor 206. 

In a similar manner to that described above, the nega- 
tive d-c voltage —V may be developed from the second 
winding set of the alternator 84. The same a-c voltages 
are developed at terminals 2-a, 2 -b and 2-c as terminals 
1-a, 1 -b and 1-c, and an identical 3-phase full-wave recti- 
fier 198 is employed which is coupled to an identical 
filter 204. The only difference is that the output of the 
filter is taken from the terminal 202 side of the capacitor 
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C, since the terminal 200 side is grounded. The devel- 
oped d-c voltage —V may also be fed through a suitable 
voltage regulator 208, if desired. 

It will be recalled that the d-c voltages +V and —V 
are utilized in the coil driver circuit 190 depicted in 5 
FIG. 9. Aside from this circuit and other special circuits 
in the disk drive 10, the main control logic, of which a 
portion is included in the servo control system 194 
(FIG. 9), might require a different, usually lower level 
d-c voltage, e.g. +B. The power supply 18 is capable of 10 
generating this voltage in addition to the voltages +V 
and —V. This is accomplished by the third winding set 
of the alternator 84 in a manner similar to that described 
above for the generation of voltages +V and —V. In 
this case however, the a-c voltages developed at each of 15 
the terminals 3 -a, 3 -b and 3 -c will have a peak amplitude 
equal to the desired d-c level of the voltage + B plus the 
voltage drop across each diode included in the respec- 
tive full-wave rectifier 198. It is preferred that the fre- 
quency of these a-c voltages be the same as that for the 20 
a-c signals developed at the output terminals of the first 
and second winding sets so that a relatively small filter 
capacitor may be employed in the respective filter 204'. 

As before, the developed voltage +B can be regulated 
by a suitable regulator 210. 25 

It is preferred that the alternator 84 include the three, 
3-phase winding sets as above defined to generate the 
voltages +V, —V and +B, rather than using just one 
3-phase winding set to generate +V, for example, 
which would then have to be inverted to derive — V, 30 
and additionally fed through a suitable resistor (not 
shown) to attenuate the level of +V down to the de- 
sired + B. There would obviously be a significant 
power loss if the latter arrangement were followed. 

The power supply 18, as above described, is not lim- 35 
ited to use in a disk drive, moreover the specific disk 
drive 10 having the improved linear actuator 12. 
Rather, the power supply can be used in any computer 
peripheral device. It is especially desirable for use in 
computer peripheral devices having an individual need 40 
for a motor, such as the motor 80 in the disk drive 10 
which is used to drive the drive shaft 82. For very little 
additional cost, the alternator 84 can be coupled to the 
shaft of the motor 80 with appropriate rectifier circuits 
198 and 198', and filters 204 and 204' being employed to 45 
derive three usable d-c voltages, i.e. + V, — V and +B. 

The power supply 18 has a number of significant 
advantages over power supplies commonly used in 
computer peripheral devices. For one, and as men- 
tioned above, the relatively high ripple frequency re- 50 
quires a relatively small and inexpensive filter capacitor. 
Second, the power supply is virtually immune to electri- 
cal noise and signal transients transmitted over the 
transmission line 81. This is true since the alternator 84, 
being mechanically coupled to and driven by the motor 55 
80, is electrically isolated from the a-c voltage operating 
the motor, as supplied along the line 81. Third, if the a-c 
voltage source 83 should terminate or be reduced for 
relatively short periods of time, the inertia of the system 
will be capable of sustaining usable d-c levels. Fourth, 60 
the power supply as a whole is relatively inexpensive 
and small in size, thereby reducing the cost and size 
requirements of the computer peripheral device in 
which it is employed. Fifth, the power supply is sub- 
stantially more efficient than known power supplies for 65 
computer peripheral devices. 

Although the invention has been described with re- 
spect to an exemplary embodiment, it will be appreci- 
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ated by those skilled in the art that various modifica- 
tions, substitutions, etc., some of which have been men- 
tioned above, may be made without departing from the 
spirit and scope of the invention as defined by the ap- 
pended claims. 

What is claimed is: 

1. A linear actuator for selectively moving a carriage 
relative to a support frame along a predefined linear 
path, comprising: 

a drive shaft having a cylindrical surface fabricated of 
a hardened, corrosion resistant steel having a Rock- 
well C hardness of approximately between about 63 
and 65; 

means for rotatably mounting said drive shaft to said 
frame for rotation of said drive shaft about the axis 
of said cylindrical surface; 

means coupled to said drive shaft for rotating said 
drive shaft about said axis; 

a roller having a peripheral surface fabricated of a 
polymide plastic having a Rockwell E hardness of 
approximately about 45; 

means for mounting said roller to said carriage with 
said roller being rotatable about a first axis and 
pivotable about a second axis perpendicular to said 
first axis; 

means for mounting said carriage to said support 
frame with said carriage being movable relative to 
said support frame along said predefined linear path 
and with the peripheral surface of said roller being 
in frictional engagement with the cylindrical sur- 
face of said drive shaft whereby said roller is caused 
to rotate about said first axis by rotation of said 
drive shaft when said first axis is parallel to the axis 
of the drive shaft and is additionally caused to move 
along said predefined linear path during rotation of 
said drive shaft when said first axis is oblique to the 
axis of said drive shaft; and 

means for controllably pivoting said roller about said 
second axis to control movement of said roller and 
thus said carriage along said predefined linear path 
during rotation of said drive shaft. 

2. In a disk drive including a support frame, a mag- 
netic recording disk mounted to said support frame for 
rotation about its axis, and at least one electromagnetic 
head mounted to a carriage and positionable relative to 
said magnetic recording disk by movement of said car- 
riage along a predefined path, an improved linear actua- 
tor for selectively moving said carriage relative to said 
support frame along said predefined path, said im- 
proved linear actuator comprising: 

a drive shaft having a cylindrical surface fabricated of 
a hardened, corrosion resistant steel having a Rock- 
well C hardness of approximately between about 63 
and 65; 

means for rotatably mounting said drive shaft to said 
frame for rotation of said drive shaft about the axis 
of said cylindrical surface; 

means coupled to said drive shaft for rotating said 
drive shaft about said axis; 

a roller having a peripheral surface fabricated of a 
polymide plastic having a Rockwell E hardness of 
approximately about 45; 

means for mounting said roller to said carriage with 
said roller being rotatable about a first axis and 
pivotable about a second axis perpendicular to said 
first axis; 

means for mounting said carriage to said support 
frame with carriage being movable relative to said 
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support frame along said predefined linear path and 
with the peripheral surface of said roller being in 
frictional engagement with the cylindrical surface 
of said drive shaft whereby said roller is caused to 
rotate about said first axis by rotation of said drive 5 
shaft when said first axis is parallel to the axis of the 
drive shaft and is additionally caused to move along 
said predefined linear path during rotation of drive 
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shaft when said first axis is oblique to the axis of said 
drive shaft; and 

means for controllably pivoting said roller about said 
second axis to control movement of said roller and 
thus said carriage along said predefined linear path 
during rotation of said drive shaft. 

* * » * * 
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